LeSPL-CNR is a crucial transcription factor for fruit ripening of Solanum lycopersicum. The cnr (colorless non-ripening) epimutation resulted from hypermethylation in a 286 bp region of LeSPL-CNR promoter inhibits normal fruit ripening. In present study, potential regulators of LeSPL-CNR, which could bind to the specific 286 bp region, were screened via south-western blotting and yeast one-hybrid (Y1H) library screening system. Results indicated that a total of 13 and 19 candidate proteins were acquired respectively, and both ribulose-1,5-bisphosphate carboxylase/oxygenase and 40S ribosomal protein were identified by two methods. These would provide some information for revealing roles of DNA methylation and the regulatory mechanism for LeSPL-CNR.
LeMADS-RIN, LeSPL-CNR, SlFUL1/SlFUL2, LeHB-1, SlTAGL1, SlMADS1, SlAP2a, SlNAC4 and SlZFP2 all play crucial roles in tomato fruit ripening by both ethylene-dependent and independent pathways [13] [14] [15] [16] [17] [18] [19] [20] [21] .
Recent studies have suggested that epigenetic changes play pivotal roles in plant development and fruit ripening progress [22] [23] . Liu et al. [24] showed a direct cause and effect relationship between active DNA demethylation (mainly mediated by tomato DEMETER-like DNA demethylases) and fruit ripening.
Zhong et al. [25] found that the epigenome of tomato was dynamic, and the global methylation level gradually declined during wild type fruit development and ripening but remained high in cnr (colourless non-ripening) and rin (ripening inhibitor) mutants. As a dominant pleiotropic mutation, the cnr epimutation results from a naturally occurring hypermethylation in a 286 bp region of LeSPL-CNR promoter. The cnr mutant greatly inhibits ethylene production and softening, and possesses a non-ripening phenotype with a yellow skin and a colorless mealy pericarp (Figure 1 (a) and Figure 1 (b)) [13] [26] . The distinct phenotype is not reversed by exposure to exogenous ethylene. In cnr mutant, the biosynthesis of ripening-related pericarp carotenoid is abolished due to the reduced ability to synthesize the carotenoid precursor geranylgeranyl diphosphate (GGPP) [27] . Meanwhile, the solubilisation of homogalacturonan-rich pectic polysaccharides and the proportion of carbohydrate are less than those in wild type. Those lead to reduced cell-to-cell adhesion which reflects changes in the structure of cnr cell walls [28] . LeSPL-CNR is mapped in the euchromatin region on the long arm of tomato chromosome 2 and encodes a transcription factor of the Squamosa Promoter Binding-like Protein. Evidences indicated that a sophisticated regulatory mechanism existed at the upstream of LeSPL-CNR. Besides the binding site of LeMADS-RIN in the promoter of LeSPL-CNR [18] , the 3'-UTR also possessed a potential miRNA156/7 target. SlymiR157 could regulate the expression of LeSPL-CNR in a likely dose-dependent manner through miRNA-induced mRNA degradation and translation repression [29] . Mean- the LeSPL-CNR promoter could induce epigenetic changes and result in inhibition of fruit ripening and mottled phenotype [30] .
In this context, we surmised that the 286 bp region of LeSPL-CNR promoter contained some valuable sites. The hypermethylation of this region could prevent the binding of some potential regulators, and these regulators might play a critical role in complicated transcriptional cascade or epigenetic controls for fruit ripening. Thus, a screening via south-western blotting and yeast one-hybrid library screening system was carried on to find these potential regulators in present study. Results would provide some information to reveal roles of DNA methylation in plant genomes and elucidate the regulating mechanism for LeSPL-CNR.
Materials and Methods

Plant Materials and Cis-Acting Regulatory Element Analysis
Solanum lycopersicum cv. Ailsa Craig (AC) and the cnr mutant were grown in glasshouses at 25˚C and 80% humidity with a photoperiod of 16 h day/8 h night.
Tomato flowers were tagged at anthesis and fruit development and ripening stages were recorded as days post anthesis (DPA). In silico analysis of the 286 bp region of LeSPL-CNR promoter were performed in PlantCARE which was a database of plant cis-acting regulatory elements, enhancers and repressors. A motif search algorithm called Motif Sampler and a probabilistic approach based on Gibbs Sampling were used [31] . The PlantCARE relational database was available at http://bioinformatics.psb.ugent.be/webtools/plantcare/html/. Regulatory elements are represented by positional matrices, consensus sequences and individual sites on particular promoter sequences.
Two-Dimensional Electrophoresis and South-Western Blotting
Total genomic DNA of AC fruits at breaker stage was extracted using a DNeasy Plant Mini Kit (Qiagen, Germany), following the manufacturer's instruction.
The 286 bp region was amplified from genome DNA with specific primers (P1F and P1R in Table 1 The extraction and quantitation of total cellular proteins of AC fruits at breaker stage used methods described by [32] . About 100 μg of proteins were loaded on a rehydrate immobilized pH gradient gel strip (7 cm, pH 3 -10)
(Bio-Rad, USA) and two-dimensional electrophoresis (2-DE) was carried out according to previous reports [33] . Coomassie Brilliant Blue R-250 was used to stain the proteins in a duplicate gel to monitor the equaling of samples. The 
Yeast One-Hybrid (Y1H) Screening
A Matchmaker Gold Yeast One-Hybrid Library Screening System (Clontech, USA) was used as described by the manufacturer. Briefly, the 286 bp fragment was amplified using a pair of primers (P2F and P2R in Table 1 
Cis-Acting Regulatory Element Analysis in Specific 286 bp Region
In this study, potential cis-acting regulatory elements of the specific 286 bp region were analyzed online in PlantCARE database. Total eight kinds of motifs (including AE-box, CAAT-box, CCAAT-box, HSE, TATA-box, TCCACCT-motif, WUN-motif and unname-4 motif) were forecasted in both forward and reverse complement sequences (Figure 1(c) ). These motifs were composed of 135 nucleotides which accounted for about 47% of the 286 bp region. Unexpectedly, most of the methylated cytosine residues in the 286 bp region did not showed a correlation with these motifs. These results indicated that the 286 bp region possessed structural basis for potential regulators binding.
Screening Potential Regulators by South-Western Blotting
The DIG system is a simple, effective system for nonradioactive labeling and detection of nucleic acids. In this study, the polymerase chain reaction was performed for incorporation of DIG-11-dUTP into the specific 286 bp probe (Figure 2(a) ). The labeling efficiency was determined by comparison to the DIG-labeled control DNA. And 1 ng/μL of DIG-labeled DNA probe was used as The spots were numbered and identified by MS/MS, corresponding to those in Table 2 .
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working concentration in the subsequent hybridization detection (Figure 2(b) ).
Proteins extracted from tomato fruits at breaker stage were separated using 2-DE. More than 300 protein spots were detected in the gel after ignoring very faint spots and spots with undefined shapes by Image Master 2D Elite software.
After south-western blotting detection, a total of 20 spots on the PVDF membrane were considered as positive signals (Figure 2(c) ), and the corresponding proteins were identified by mass spectrometry and were matched in NCBInr database. Among them, 13 proteins were matched to proteins of Solanum lycopersicum with known or predicted functions ( 
Screening Potential Regulators by Yeast One-Hybrid Library Screening System
Yeast one-hybrid system is a powerful technique to rapidly identify heterologous proteins that can interact with a specific regulatory DNA sequence of interest (the bait sequence) and uses a single fusion protein in which the activation domain (AD) is linked directly to the binding domain. The binding domain in this case also may be constituted by a library. In this study, our target-reporter identified by sequencing and the detailed information of these candidates was shown in Table 3 .
Discussion
Gene expression regulatory networks are comprised of cis-and trans-acting factors, and differences in gene expression are attributable to genetic variation. Epigenetic change can also be considered as an important factor in understanding phenotypic change. LeSPL-CNR of Solanum lycopersicum is an excellent research subject which possesses important biological functions and is controlled by both epigenetic and classical genetics approaches. In this study, a 286 bp contiguous region at 2.4 kb upstream from the LeSPL-CNR coding sequence was used as a bait to search potential regulatory factors by south-western blotting and yeast one-hybrid library screening system. A total of 32 candidate proteins were acquired, and they distributed in nucleus, membrane, mitochondrial, cytoplasm and chloroplast. Except three uncharacterized candidates (BP12, BP15
and BP19), other candidates have known or predicted functions in an extensive range including structural protein, enzyme, and cell signaling, etc. Among them, [36] . Calmodulin can undergo post-translation modifications, such as phosphorylation, acetylation, methylation and proteolytic cleavage, each of which has potential to modulate its actions [37] . For absence of clues about connection between calmodulin and the 286 bp fragment, a possibility is that calmodulin might form a complex with other protein or proteins to fulfil the regulatory responsibilities. This mode can refer the report of Shima et al. [38] that tomato RIN forms a complex with FUL1 and FUL2, and this complex can bind to a typical target DNA motif for MADS-box proteins.
Petidyl-prolyl cis-trans isomerase (BP5), as another candidate, is an enzyme that interconverts the cis and trans isomers of peptide bonds with the amino acid proline (http://www.uniprot.org/uniprot/P62937). Proline has an unusually conformationally restrained peptide bond duo to its cyclic structure with its side chain bonded to its secondary amine nitrogen. This structure can overcome the energetic preference for the trans peptide bond conformation and stabilize the cis form so that both isomers are populated under biologically relevant conditions.
The process of cis-trans isomerization can be the rate-limiting step in the process of protein folding, and petidyl-prolyl cis-trans isomerase therefore functions as protein folding chaperones [39] . It probably makes petidyl-prolyl cis-trans isomerase participate in transcription regulation of LeSPL-CNR in an indirect way.
Up to now, there is insufficient evidence confirming the positive correlations 14) ; Transketolase (S7) is a ubiquitous enzyme that catalyzes the reversible transfer of a two-carbon ketol group from fructose-6-phosphate or sedoheptulose-7-phosphate to glyceraldehyde-3-phosphate to yield xylulose-5-phosphate and erythrose-4-phosphate or ribose-5-phosphate [40] . These two proteins involve in methionine metabolism and Calvin cycle, respectively. Therefore, further exploration about function of the 286 bp region via multiple approaches from different aspects is necessary.
Furthermore, it has a potential of obtaining more valuable information and excluding the false positive results via optimizing experiment conditions.
Conclusion
In this study, potential regulators of LeSPL-CNR, which could bind to the specific 286 bp region of LeSPL-CNR promoter, were screened via south-western blotting and yeast one-hybrid library screening system. A total of 13 and 19 candidate proteins were acquired respectively. Although current knowledge could not reasonably explain the molecular mechanism of interactions between acquired candidates and 286 bp fragment, results still provided some interesting information for further exploration in transcriptional cascade or epigenetic controls for fruit ripening.
